Therapies targeting the programmed cell death 1 (PD-1) or its ligand (PD-L1) promote antitumor T-cell activity, leading to unprecedented long-lasting tumor responses in some advanced cancers. Because of radiotherapy and chemotherapy resistance, no effective treatments have been defined for advanced chondrosarcomas. We here report an immunohistochemical analysis of PD-L1 expression in a large series of conventional, mesenchymal, clear cell and dedifferentiated chondrosarcomas using tissue microarrays. In the PD-L1-positive tumors, we analyzed the immune microenvironment (T-cell and macrophage infiltration as well as HLA class I expression) using whole sections. PD-L1 expression was absent in conventional (n = 119), mesenchymal (n = 19) and clear cell (n = 20) chondrosarcomas. Forty-one percent (9 of the 22) of dedifferentiated chondrosarcomas displayed PD-L1 positivity. These results were confirmed in an independent cohort using whole tissue sections of dedifferentiated chondrosarcomas in which PD-L1 expression was detected in 52% (11 of the 21) of cases. PD-L1 expression was exclusively found in the dedifferentiated component and expression positively correlated with other immune parameters such as high number of tumor-infiltrating lymphocytes (P = 0.014) and positive HLA class I expression (P = 0.024) but not with patient overall survival (P = 0. Chondrosarcomas constitute a malignant group of cartilaginous matrix-producing neoplasms, with diverse morphological features and clinical behavior. 1 Conventional chondrosarcoma is the second most common primary bone malignancy after osteosarcoma and can be categorized according to their location into central (85%) and peripheral chondrosarcomas (15%). Their histology is similar, with atypical chondrocytes and abundant extracellular matrix, but they differ at the genetic level. Notably, mutations in isocitrate dehydrogenase (IDH) 1 and 2 are found in approximately half of conventional central chondrosarcomas while mutations in genes encoding exostosin (EXT) 1 and 2 characterize peripheral chondrosarcomas. 2,3 Histological grade is strongly correlated with clinical prognosis with a 10-year survival rate of 83% for atypical cartilaginous tumor/grade I but only 29% for grade III. In addition to conventional chondrosarcoma, several rare subtypes of chondrosarcoma are discerned (dedifferentiated, mesenchymal and clear cell), together constituting 10-15% of all chondrosarcomas. Clear cell chondrosarcoma is a low-grade malignant tumor with a 10-year survival rate reported around 90% while dedifferentiated and mesenchymal chondrosarcoma are both highly malignant, with frequent occurrence of distant metastases and o30% survival at 5 and 10 years, respectively. 4
Chondrosarcomas constitute a malignant group of cartilaginous matrix-producing neoplasms, with diverse morphological features and clinical behavior. 1 Conventional chondrosarcoma is the second most common primary bone malignancy after osteosarcoma and can be categorized according to their location into central (85%) and peripheral chondrosarcomas (15%). Their histology is similar, with atypical chondrocytes and abundant extracellular matrix, but they differ at the genetic level. Notably, mutations in isocitrate dehydrogenase (IDH) 1 and 2 are found in approximately half of conventional central chondrosarcomas while mutations in genes encoding exostosin (EXT) 1 and 2 characterize peripheral chondrosarcomas. 2, 3 Histological grade is strongly correlated with clinical prognosis with a 10-year survival rate of 83% for atypical cartilaginous tumor/grade I but only 29% for grade III. In addition to conventional chondrosarcoma, several rare subtypes of chondrosarcoma are discerned (dedifferentiated, mesenchymal and clear cell), together constituting 10-15% of all chondrosarcomas. Clear cell chondrosarcoma is a low-grade malignant tumor with a 10-year survival rate reported around 90% while dedifferentiated and mesenchymal chondrosarcoma are both highly malignant, with frequent occurrence of distant metastases and o30% survival at 5 and 10 years, respectively. 4 IDH mutations are also present in around half of the dedifferentiated chondrosarcomas. 5 Wide surgical excision remains the best available treatment for chondrosarcoma patients, and in case of nonresectable or metastatic disease, effective options are limited owing to the relative radiotherapy and chemotherapy resistance of these tumors.
The recent approval of ipilimumab, an anticytotoxic T-lymphocyte-associated antigen 4 (CTLA-4) antibody, followed by nivolumab and pembrolizumab, two anti-programmed death 1 (anti-PD-1) antibodies, represented a considerable progress in the treatment of metastatic melanoma and non-small cell lung cancer. [6] [7] [8] [9] By enhancing antitumor T-cell activity, some unprecedented long-lasting tumor responses were observed in patients with unresectable or metastatic disease. The clinical value of these immune checkpoint inhibitors is currently being investigated in various solid tumors and hematological malignancies. Their expression and role in sarcomas is not yet well characterized but is currently under investigation. 10 However, to date there is scarce data regarding the immune microenvironment and the presence of the immune checkpoint PD-1 with its ligand PD-L1 in chondrosarcoma. Recently, a preclinical study revealed the absence of PD-L1 expression in six mesenchymal chondrosarcomas. 11 This may suggest that this chondrosarcoma subtype is less suited for PD-1/ PD-L1 blockade but these observations cannot be generalized to all chondrosarcomas.
PD-L1 expression, either by the tumor cells themselves or by the tumor-associated immune cells, can be an effective mechanism for tumors to evade immune-mediated destruction. 12 A high mutational load in tumors and the presence of a spontaneous antitumor immune reaction prior to treatment have been associated with predicting better response to both CTLA-4 and PD-1 blockade. [13] [14] [15] Whole-exome sequencing of 49 chondrosarcomas identified a median of 22 non-synonymous mutations per tumor (range 1-93). 16 Grade II, grade III and dedifferentiated chondrosarcomas were significantly associated with a higher mutation burden, which can indicate a potential sensitivity to immune checkpoint blockade. Another reported predictive factor for response to anti PD-1 agents is PD-L1 expression before treatment, but this remains a matter of debate owing to the dynamic process of PD-L1 expression, the multiplicity of detection methods and the use of different cutoff values. 17 Moreover, the predictive value of PD-L1 expression also differs between tumor subtypes and the monoclonal antibody used. As an example, PD-L1 status alone does not seem to be useful in the selection of melanoma patients for nivolumab. On the other hand, when its expression was retrospectively determined in non-small cell lung cancers, it identified patients with an enhanced likelihood to benefit from pembrolizumab. [18] [19] [20] Cytotoxic T cells are the main executioners of antitumor immunity induced by these immune checkpoint blockers but require antigenic presentation in the context of human leukocyte antigen (HLA) molecules. Loss or inability to upregulate HLA class I expression is a common mechanism of tumor immune escape to avoid the T-cell recognition. Therefore, assessing HLA class I expression on tumor cells might be an important prerequisite for the success of T-cell-mediated immunotherapies. 21 In order to evaluate whether chondrosarcoma patients are eligible for PD-1-or PD-L1-targeted therapies, we determined the PD-L1 expression and its potential association with HLA class I expression and immune-infiltrating cells in a large series of chondrosarcomas by using immunohistochemistry.
Materials and methods

Patient Material
Two tissue microarrays were used for which clinicopathological data were reported in detail previously. 22, 23 Briefly, primary tumors of 137 patients with conventional chondrosarcomas (central chondrosarcoma, n = 92; peripheral chondrosarcoma, n = 45) and 20 benign cartilage tumors (osteochondroma, n = 9; enchondroma, n = 11) were included in a conventional tissue microarray while dedifferentiated chondrosarcomas (n = 25), mesenchymal chondrosarcomas (n = 21) and clear cell chondrosarcomas (n = 20) from five institutes (Leiden, Oxford, Bologna, Budapest and Graz) were collected in a rare subtype tissue microarray.
For the validation cohort, we retrieved 23 formalinfixed, paraffin-embedded tissue blocks from 22 patients with dedifferentiated chondrosarcoma (2009) (2010) (2011) (2012) (2013) (2014) (2015) from the archives of the Pathology Department of the Leiden University Medical Center. We used whole sections to assess PD-L1, immune infiltrate and HLA class I expression in these tumors. Nineteen tissue samples were primary tumors, three were metastases and one was a local relapse. For one patient, material from both primary tumor and metastasis was available. Diagnoses were confirmed by an experienced bone and soft-tissue tumor pathologist (JVMGB) according to the 2013 World Health Organization classification. For 10 dedifferentiated chondrosarcomas from the validation cohort, IDH1 and IDH2 mutation analysis was performed in diagnostic setting. All the specimens were anonymized and handled according to the ethical guidelines described in the Code for Proper Secondary Use of Human Tissue in the Netherlands of the Dutch Federation of Medical Scientific Societies.
Immunohistochemistry and Scoring
Four-μm sections were deparaffinized with xylene and rehydrated in graded concentrations of ethanol. Endogenous peroxidase was blocked in 0.3% H 2 O 2 solution and microwave antigen retrieval was PD-L1 expression in chondrosarcoma M Kostine et al performed in Tris-EDTA pH 9.0 or Citrate pH 6.0 as described in Table 1 . For PD-L1 staining, the clone E1L3N (Cell Signaling, Danvers, MA, USA) was used. According to standard laboratory methods, 24 primary antibodies were diluted in PBS/bovine serum albumin 1% and incubated overnight at 4°C, then detected using poly-HRP (ImmunoLogic) and visualized with a DAB+ substrate chromogen system (Dako). Finally, slides were counterstained with hematoxylin, dehydrated and mounted using CV Mount (Leica Microsystems). Tonsils were used as positive controls and primary antibodies were omitted for the negative controls.
Tissue microarrays and whole sections were evaluated and scored independently by two observers (MK and JVMGB or AHGC), blinded to clinicopathological data. For dedifferentiated chondrosarcoma, the well-differentiated and the dedifferentiated components were scored separately. In case of discrepancies, the slide was reviewed to reach a consensus. Extent of PD-L1 staining (1: o1%, 2: 1-49% and 3: ≥ 50%) was assessed and PD-L1 positivity was defined as ≥ 1% of tumor cells or immune cells showing a membranous PD-L1 staining of any intensity, according to published data. 19 The number of CD3-positive cells was quantified manually on a Zeiss microscope in five representative × 40 high-power fields (HPF). Adapted from the landmark paper on prognostic significance of tumor-infiltrating lymphocytes, the degree of T cells was graded as low if ≤ 5 T cells/HPF or high if 45 T cells/HPF. 25 Because of heterogeneity, both intratumoral and peritumoral area of the tumor were scored separately when possible. In tumors with high T-cell infiltrate, PD-1 expression was assessed on T cells and was considered positive if a membranous staining could be seen. HLA class I expression (HCA2, HC10 and β2-microglobulin staining) was categorized as negative/focal weak (tumor cells negative or focally and weakly positive with positive internal controls), heterogeneous (if negative as well as positive regions could be found on the same slide) or positive (moderate or strong staining in the whole tumor). Macrophage infiltrate was scored semiquantitatively on whole section as low or high using the cutoff of 20% CD14-positive cells. Specimens for which loss of tissue occurred during the staining procedure were not included in the analysis.
Immunofluorescent Staining and Scoring
Tumor-infiltrating lymphocytes were characterized with triple immunofluorescent staining of CD3-CD8-FoxP3 and tumor-associated macrophages with double immunofluorescence of CD14-CD163, both in nine patients (six primary tumors and three not matched metastasis). After antigen retrieval using Tris-EDTA buffer pH 9.0, the combination of primary antibodies were incubated overnight at 4°C (see Table 1 ). The next day, isotype-specific secondary antibodies labeled with Alexa fluorochromes were PD-L1 expression in chondrosarcoma added during 1 h at room temperature. Then the slides were mounted using Vectashield mounting medium containing DAPI (Vector Laboratories). Tonsils were used as positive controls and primary antibodies were omitted for the negative controls.
Five randomly selected representative images were acquired at × 250 magnification using a confocal scanning microscope (LMS700, Zeiss) in a multitrack setting with a × 25/0.80 Plan-Neofluoar objective. The numbers of T helper cells CD3 + CD8 − (red), T cytotoxic cells CD3 + CD8 + (purple) and T regulatory cells FoxP3 + (green nuclear staining) were counted using the cell counter plugin of the program ImageJ version 1.48 and represented as an average of these five images. Polarization of the CD14-positive tumor-associated macrophages was evaluated qualitatively by expression of the CD163 marker, which represents tumor-promoting type 2 macrophages (M2). We considered that CD14 + CD163 + double-positive cells indicated M2 macrophages while CD14 + CD163 − cells represented the classically activated M1 macrophages. 26 
Statistical Analysis
Statistical analyses were performed using the GraphPad Prism software (version 6, Jolla, CA, USA). Correlation of PD-L1 expression with the immune infiltrate and the HLA class I phenotype was analyzed by Spearman's rank correlation coefficient. A log-rank test was used for assessing PD-L1 in relation to overall patient survival. P-value o 0.05 was considered to be statistically significant.
Results
PD-L1 Expression is Found Exclusively in Dedifferentiated Chondrosarcoma
In the conventional and rare chondrosarcoma tissue microarrays, PD-L1 expression was specifically detected in 41% of dedifferentiated chondrosarcomas (9 of the 22), whereas its expression was absent in the remaining subtypes (Table 2) This finding was confirmed on whole tumor sections in an independent cohort of patients with dedifferentiated chondrosarcoma. PD-L1 expression was positive in 11 of the 21 patients (52%) for which the dedifferentiated component could be evaluated. For one patient, material from both the primary tumor and a synchronous metastasis was available. PD-L1 expression was negative in the primary dedifferentiated tumor but positive in the subcutaneous metastasis. In 10 patients, PD-L1 positivity was observed mainly on the tumor cell membrane and on a few macrophages. Specifically, the extent of PD-L1 expression on tumor cells ranged from 5 to 100% (5% for two tumors, 30-40% for three tumors and ≥ 50% in the five remaining tumors (50, 60, 70, 70 and 95%)). Heterogeneous staining was observed in most of PD-L1-positive tumors except the three tumors with higher PD-L1 expression (≥70%). For tumors with lower PD-L1 expression (5%), PD-L1 staining was detected mainly at the periphery, at the interface with normal cartilage, the well-differentiated component or stroma. In one patient, PD-L1 expression was clearly restricted to tumor-associated macrophages (Supplementary Figure S1) . To exclude false negative results owing to decalcification during standard tissue preparation, the effect of this procedure on PD-L1 immunostaining was assessed in tonsil tissue. No difference was observed after EDTA or formic acid treatment (Supplementary Figure S2) .
We noticed a median overall survival of 10 months for patients with PD-L1-positive dedifferentiated chondrosarcoma and 19 months for patients with PD-L1-negative tumor, although PD-L1 expression did not significantly relate to overall patient survival (log rank; P = 0.22) (Supplementary Figure S3) .
PD-L1 Expression in Dedifferentiated Chondrosarcoma Associates with T-Cell Infiltration
To explore a potential association between PD-L1 expression by tumor cells and the presence of infiltrating immune cells, we evaluated the amount of T cells based on CD3 immunohistochemistry. High tumor infiltration by T cells was significantly correlated with PD-L1 expression on tumor cells (Spearman's rho = 0.53, P = 0.014). Furthermore, T cells commonly co-localized with PD-L1-positive tumor cells (Figures 1c and d) . Overall, 10 of the 22 
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M Kostine et al (45%) tumors were highly infiltrated with T cells. For three patients, we observed a low density of intratumoral T-cell infiltration, whereas higher in the peritumoral area, highlighting the importance of evaluating and scoring a whole tumor section. Nevertheless, these tumors were considered as having low T-cell infiltrate as the absence of intratumoral T cells would possibly result in lower efficacy of checkpoint blockade therapy. Similar to the distribution of PD-L1 expression, tumorinfiltrating lymphocytes were only present in the dedifferentiated component and absent in the welldifferentiated parts. As PD-L1 is a ligand for the PD-1 receptor expressed in T cells, we assessed PD-1 expression in tumors with high T-cell infiltration (n = 8). In all tumors except one, a positive membranous PD-1 expression was found on T cells (Supplementary Figure S4) . To further characterize the T-cell infiltrate in these dedifferentiated chondrosarcomas, a triple immunofluorescent staining of CD3-CD8-FoxP3 was performed on six primary tumors and three metastases (Figures 2a and b) . CD3 + CD8 − cells were identified as T helper cells (presumably composed of CD4 + and γδ T cells), CD3 + CD8 + cells characterized T cytotoxic cells and the specific transcription factor FoxP3 was used to detect T regulatory cells. Overall, CD3 + CD8 + cytotoxic T cells represented 58% of the tumor-infiltrating lymphocytes in both primary tumors and metastases. T regulatory cells were more frequent in metastases than in primary tumors (18 versus 4% of total tumor-infiltrating lymphocytes) and were all CD3 + FoxP3 + double-positive cells. No CD8 + FoxP3 + cells were found. Finally, the proportion of T helper cells CD3 + CD8 − was 38% in primary tumors versus 24% in metastases (Figure 2c) .
IDH mutation status was available for 10 dedifferentiated chondrosarcomas. Five tumors harbored an IDH1 mutation, one had an IDH2 mutation and four tumors were of wild type. No differences regarding T-cell infiltrate or PD-L1 expression were observed between IDH mutant and IDH wild type. As HLA class I antigen expression is an important determinant for T-cell based immunotherapy, we assessed its expression in dedifferentiated chondrosarcomas by immunohistochemistry. Antibodies against β2-microglobulin and classical HLA class I molecules were used (HCA2 and HC10, which recognize heavy chains of HLA-A and HLA-B/C, respectively). In the dedifferentiated component, positive membranous and cytoplasmic expression of β2-microglobulin was found in all tumors. Expression of HCA2 and HC10 were mostly detected at the membrane of tumor cells. Positive and diffuse expression (n = 9), heterogeneous expression (n = 5) or weak/negative expression (n = 2) was present for both markers. In four patients, we observed a weak or negative HCA2 expression associated with positive HC10 expression, reflecting a selective loss of HLA-A expression. These different patterns for HLA class I expression are illustrated in Figure 3 . Altogether, defects in HLA class I expression were present in 11 of the 20 evaluated tumors (55%). Expression of β2-microglobulin, HCA2 and HC10 in the evaluable well-differentiated cartilaginous areas of the tumors was mainly heterogeneous with coexistence of both positive and negative cells.
Positive HLA class I expression was significantly associated with high T-cell infiltrate and PD-L1 expression on tumor cells (Spearman's rho = 0.503, P = 0.024).
The Dedifferentiated Component is Highly Infiltrated by Immunosuppressive Macrophages
Based on the presence of PD-L1-positive macrophages in some tumors, we evaluated the macrophage infiltrate in dedifferentiated chondrosarcomas using CD14 immunohistochemistry. On 20 evaluable tumors, 17 were highly infiltrated by tumor-associated macrophages (85%). Consistent with PD-L1 expression and the presence of tumor-infiltrating lymphocytes, macrophages were found only in the dedifferentiated areas and not in the well-differentiated component. Immunofluorescent staining with CD14 and CD163 performed on nine tumors (six primary tumors and three metastases) demonstrated that all the CD14-positive cells were also CD163 positive, a marker of alternatively activated and immunosuppressive macrophages (Figure 2d ). We also observed some CD14 − CD163 + cells.
Statistical analysis showed no significant correlation between macrophage and T-cell infiltration (Spearman's rho = 0.38, P = 0.098). However, the three tumors with a low number of tumor-associated Figure 2 Characterization of tumor-infiltrating lymphocytes and tumor-associated macrophages in dedifferentiated chondrosarcoma. Representative images for tumor-infiltrating lymphocytes in primary tumors (a) and in metastases (b). Antibodies against CD3 (red), CD8 (blue) and FoxP3 (green) were used to identify T helper cells (CD3 + CD8 − ), cytotoxic T cells (CD3 + CD8 + ) and T regulatory cells (FoxP3 + ). In both primary tumors and metastases, around 60% of tumor-infiltrating lymphocytes were cytotoxic CD3 + CD8 + T cells (c). Furthermore, a higher percentage of FoxP3 + T regulatory cells was found in metastases (mean 18%) compared with primary tumors (mean 5%). Representative images for tumor-associated macrophages (d). Antibodies against CD14 (green) and CD163 (blue) were used to detect macrophages and characterize their polarization as CD163 represents tumor-promoting type 2 macrophages (M2).
macrophages were also poorly infiltrated by T cells. The macrophage infiltrate was quite homogeneous within the dedifferentiated component and colocalization with PD-L1-positive tumor cells was not evident.
Discussion
The growing interest in cancer immunotherapy is reaching the sarcoma field, and we are currently at the point of identifying which sarcomas are PD-L1 expression in chondrosarcoma amenable to immune checkpoint blockers. Those with high immune infiltrate and high mutational load or complex karyotype appear to be the best candidates. 10 To date, no studies have evaluated the PD-1/PD-L1 axis in chondrosarcoma. The first clinical data on the immune checkpoint blockade strategy in these patients will be shortly provided with the ongoing phase II trial evaluating the anti PD-1 antibody pembrolizumab in advanced bone and soft-tissue sarcomas. 27 Our screening of PD-L1 expression by immunohistochemistry in a large cohort of chondrosarcoma patients revealed positive staining exclusively in the dedifferentiated subtype. Overall, PD-L1 expression was detected in 41% of the dedifferentiated chondrosarcomas. To validate this finding, whole tumor sections of an independent cohort of 22 patients with dedifferentiated chondrosarcoma were assessed for PD-L1 expression, which showed positive staining in 52% of the tumors. Overall, PD-L1 expression on tumor cells ranged from o 1% (considered negative) to almost 100%. This PD-L1 positivity was associated with high T-cell infiltrate, reflecting an immune-active microenvironment.
Dedifferentiated chondrosarcoma is a highly malignant sarcoma and chemotherapy or radiation therapy do not improve prognosis for inoperable metastatic patients owing to resistance. So far, no potential targets for therapy could be identified. Interestingly, we found that PD-L1 positivity was limited to the dedifferentiated area of the tumors, which was also enriched for immune-infiltrating lymphocytes and immunosuppressive macrophages. The well-differentiated components evaluated in our cohort were all poorly infiltrated with immune cells, which may be explained by its abundant cartilaginous matrix and poor vascularization, thereby possibly limiting accessibility to tumor cells. Hence, our data suggest that immune checkpoint inhibitors may be effective to treat the dedifferentiated component of dedifferentiated chondrosarcoma, while the effect on the less aggressive cartilaginous welldifferentiated component is expected to be minimal or even absent. Our results are in line with the fact that additional genetic changes occur in the anaplastic component of dedifferentiated chondrosarcoma, which may lead to higher numbers of mutations in this part of the tumor and thus occurrence of neoantigens. 16, 28 We have learned from epithelial malignancies that tumors with high mutational load show strong T-cell responses and appear to be particularly sensitive to immunotherapy, such as immune checkpoint blockade. 29 This was also shown in animal models of osteosarcoma, a sarcoma known for its high genomic instability. 30 In dedifferentiated chondrosarcoma, mutations in IDH1 or IDH2 are present in around half of the tumors, in both components. 5 In our series, information regarding IDH mutation status was available for 10 tumors. The presence of an IDH mutation was not associated with the expression of PD-L1 or a specific immune profile (HLA class I expression, amount of T-cell and macrophage infiltrate). A previous study reported a spontaneous peripheral T-cell response against IDH1-mutated gliomas but did not analyze the immune microenvironment of these tumors. 31 Larger series are needed before any conclusions on the role of IDH in antitumor immunity can be drawn in chondrosarcoma.
Characterization of the sarcoma microenvironment is an essential prerequisite to understand the role of the immune system in these mesenchymal tumors and to assess the feasibility of immunotherapy. As patients with chondrosarcoma usually do not receive neoadjuvant treatment, the primary tumors reflect the natural host immune response and the natural tumor microenvironment. PD-L1-positive dedifferentiated chondrosarcoma exhibited a significantly increased number of CD3 + and CD8 + T cells that colocalized with PD-L1-positive tumor cells, supporting an adaptive mechanism of immune escape, as described first in melanoma. 32, 33 In addition, HLA class I loss of expression is another possible immune escape mechanism employed by tumor cells to avoid T-cell recognition. 34 Overall, we observed defects in HLA class I expression in 55% of the dedifferentiated chondrosarcomas, which is in accordance with the recently reported data. 35 Mutations in β2-microglobulin is one of the mechanisms related to HLA class I defects but do not seem to be involved in our series as the expression of β2-microglobulin was found in all tumors. However, we did not observe a complete loss of HLA class I but rather weak or heterogeneous expression. Little is known about HLA class I expression in normal cartilage and cartilaginous tumors, and future functional studies should determine mechanisms and potential reversibility of low HLA class I expression. HLA class I expression on tumor cells correlated with high T-cell infiltrate and the presence of PD-L1 expression, which emphasizes the close interrelationship among these immune parameters. Thus, detection of HLA class I expression might be due to the presence of an inflammatory environment while in the negative/focal weak cases we cannot determine whether HLA class I is lost or whether its expression is not stimulated by the immune system. These results also demonstrate that some dedifferentiated chondrosarcomas are clearly more immunogenic than others. Previous preclinical studies identified some immunogenic targets in chondrosarcoma, such as the cancer-testis antigens MAGE-A3, NY-ESO-1/ LAGE-1 and PRAME, which were able to induce a specific cytotoxic T-cell response in the context of HLA class I expression. 36, 37 NY-ESO-1 expression was observed not only on dedifferentiated but also on conventional chondrosarcoma. 38 Importantly, the matched primary tumor and subcutaneous metastasis evaluated in one patient displayed discordant PD-L1 expression. Also, the higher proportion of FoxP3 + T regulatory cells in metastases compared with primary tumors may suggest a specific role of these immunosuppressive cells in later stages of the disease. These observations emphasize the dynamics of the immune response and the tumor heterogeneity. Whole section evaluation seems more appropriate to assess these immune markers, as illustrated by the heterogeneous pattern of T-cell infiltration and HLA class I expression. Only the macrophage infiltrate appeared homogeneous within the dedifferentiated component. Significance and functions of these immunosuppressive CD163-positive macrophages in the dedifferentiated area need to be further elucidated.
Development of appropriate biomarkers to select patients who are likely to benefit from anti-PD-1 or anti-PD-L1 therapies remains a challenge as an important proportion of patients fail to respond to these treatments. Depending on the tumor type, some data suggest that PD-L1 expression on pretreatment specimens is associated with higher response rates. 9, 16 However, the use of various PD-L1 clones with different detection methods and interpretation makes literature confusing and challenging to draw conclusions. In sarcoma patients, for instance, different expression patterns of PD-L1 are observed in soft-tissue sarcomas when comparing two studies. 39, 40 Kim et al 39 reported 58% of PD-L1-positive tumors (clone H-130, Santa Cruz), which correlated with overall survival, while D'Angelo et al 40 found uncommon PD-L1 expression on tumor cells not related with patient survival (clone 5H-1, DAKO assay). In the future, efforts should be made to standardize PD-L1 evaluation. In osteosarcoma, PD-L1 staining was evaluated by immunofluorescence (monoclonal antibody from Abcam), indicating PD-L1 expression in 75% of metastatic lesions but not on primary tumors. 41 Heterogeneity not only between sarcoma subtypes but also within tumors is another issue to take into consideration. Thus evaluation of PD-L1 expression within each histological subtype seems more relevant to estimate the prevalence and predictive value of this immune marker.
In our study, the presence of immune-infiltrating cells, notably PD-1-positive T cells, together with HLA class I expression in the PD-L1-positive dedifferentiated chondrosarcomas suggests that these patients may be excellent candidates for PD-1/PD-L1-targeted therapies. Their inclusion in clinical trials would help (1) to assess a potential benefit for patients with dedifferentiated chondrosarcoma and (2) to elucidate whether the PD-L1 expression observed in half of the tumors is predictive for objective response to agents targeting the PD-1/PD-L1 pathway.
